Objective: A number of long-term population-based studies have tried to study fruit and vegetable consumption in relation to cardiovascular disease, cancer and total mortality. Few of these studies are based on randomly selected population samples. The aim of the study was to investigate the long-term effect of fruit and vegetable consumption on mortality, cardiovascular disease, cardiovascular death, cancer morbidity and cancer death among middle-aged and elderly men. Design: Prospective cohort study. Setting: General community. The Study of Men Born in 1913. Subjects: 792 men at age 54 who participated in a screening examination in 1967. Main outcome measures: A food frequency questionnaire was used to obtain information of the dietary habits in 730 of the men (92%). All men were followed up with repeated examinations until the age of 80. Results: Cardiovascular as well as total mortality was signi®cantly lower among men with high fruit consumption in univariate analysis. There was no correlation between fruit or vegetable consumption in relation to cancer incidence, cancer death and cardiovascular disease. In multivariate survival analysis where smoking, cholesterol and hypertension were taken into account, there was a signi®cantly lower mortality among men with a high fruit consumption during 16 y follow up until the age of 70 (P 0.042), but this ®nding was no longer statistically signi®cant during 26 y follow-up at the age of 80 (P 0.051). Conclusions. Daily fruit consumption seems to have positive effect on long-term survival independently of other traditional cardiovascular risk factors like smoking, hypertension and cholesterol. Sponsorship: This study was supported by grants from the Swedish Medical Research Council (K98-274-06276-17) King Gustav V and Queen Victoria's Foundation, and the Go Èteborg University.
Introduction
A recent critical review (The Swedish Council on Technology Assessment in Health Care (SBU), 1997) of all relevant epidemiological studies published since 1989 on the association between antioxidants and disease concluded that an abundant supply of antioxidants, mainly fruit and vegetables, but not as supplements, may possibly prevent cardiovascular disease (CVD) and cancer in some organs (e.g. the upper alimentary tract). However, the evidence was usually weak and the results in the different reports were often contradictory, probably due to the imprecise methods used in the assessment of the individual intake of various antioxidants. This survey of more than 500 articles included six prospective studies on CVD, and 17 on cancer in relation to the consumption of fruit and vegetables. Only a few of these studies reported a protective role of fruit or vegetables (Fraser et al, 1991; Knekt et al, 1991; Yu et al, 1993; Gaziano et al, 1995; Key et al, 1996; Sahyoun et al, 1996) . A more liberal interpretation of the epidemiological literature on food and cancer can be found in the report Food, nutrition and the prevention of cancer Ð a global perspective (World Cancer Research Fund and American Institute for Cancer Research (WRCF) 1997) as well as in an earlier review by Block et al (1992) .
The aim of the present study was to investigate whether fruit and vegetable consumption in a random population sample of middle-aged Swedish men could predict cardiovascular and cancer morbidity, cardiovascular and cancer death, and total mortality during 26 y of follow-up.
Methods

Study population
The Study of Men Born in 1913 is a longitudinal prospective cohort study of men born in 1913 and living in the city of Go Èteborg on the West Coast of Sweden (Tibblin, 1965; Eriksson et al, 1987; Hansson et al 1997) . The city has approximately 500,000 inhabitants. All residents in Sweden have a unique national 10-digit registration number based on their date of birth. By law, the Country Census Bureau is required to keep registration numbers, names and addresses up to date in an of®cial computerized register.
In 1963, a sample was drawn from the population register consisting of all men born in 1913 on a day divisible by three (ie the third, sixth, ninth day and so on, of each month) and living in the city of Go Èteborg. There were 973 men ful®lling these criteria out of which 855 men (88%) agreed to participate in a screening examination including a complete medical history and a physical health examination. The participants and non-participants have previously been described in detail (Tibblin, 1965 (Tibblin, , 1967 .
In 1967, at age 54, those examined in 1963 were invited to a re-examination in which 792 men (95% of those alive) participated. in that examination, food frequency data were obtained from 730 subjects (92.4%). From this baseline examination in 1967 al men have been followed for 26.5 AE 0.5 years with repeated re-examinations (in 1973, 1980, 1988 and 1993) . Those who did not participate in the re-examinations were asked to answer questionnaires or participate in a telephone interview. Information about hospitalizations, medication and morbidity since last examination was obtained at each examination. Death certi®-cates, autopsy reports and medical records were studied for those who died. Information on cancer incidence was obtained from the of®cial Swedish Cancer register. Follow-up was completed the 31 December 1993. The clinical follow-up rate according to mortality was over 99% and according to non-fatal endpoints it was 98% during a 26 y follow-up period.
Base-line examination Body weight was measured using a balance scale to the nearest 0.1 kg with the men wearing light indoor clothing. Height was measured without shoes to the nearest cm. Body mass index (BMI) was calculated as weight (kg) divided by square height (m 2 ). Blood pressure was recorded in the right arm with a mercury sphygmomanometer, with the participant seated after a 5 min interview. Hypertension was de®ned as a blood pressure of b 160 mmHg systolic andaor b 95 mgHg diastolic or as use of antihypertensive treatment. Blood samples were drawn from an antebrachial vein after an overnight fast. Analyses of serum cholesterol, serum triglycerides and blood glucose were not performed in 1967 and this data derives from the 1963 examination.
Information on smoking habits was obtained by questionnaire. Smoking was categorized as I never smoked, II ex-smoker for more than one month, III currently smoking 1 ± 14 g tobaccoaday, IV currently smoking 15 gaday or more. A cigarette was assumed to be the equivalent of 1 g of tobacco, a cheroot 2 g and a cigar 5 g. Pipe smokers were classi®ed according to their average daily consumption.
Food frequency questionnaire
A dietitian interviewed all men in 1967. They were asked about the number of meals per day, how many of these were hot meals, what kind of meals and how they usually prepared the food. There were questions on the number of slices of bread, bread slices with cheese, number of eggs, potatoes and about the amount of milk consumed per day. They were also questioned about the frequency of meata ®sh, sausage, liver and other organs, fruit, vegetables and sweetsacookies consumed. The frequencies were classi®ed into four groups according to average weekly intake: 0 ± 1, 2 ± 3, 4 ± 5 and 6 ± 7 timesaweek. The frequency of fruit and vegetables included all kinds of fruit and vegetables, i.e. fresh, boiled and tinned.
Endpoint de®nitions
Cardiovascular disease was classi®ed as a hospital discharge diagnosis of myocardial infarction, angina pectoris or stroke. Myocardial infarction was de®ned as a hospital discharge diagnosis according to standardized criteria (Elmfeldt et al, 1975) . Stroke was de®ned as a sudden onset of focal neurological signs of presumed vascular origin and hospitalized by the diagnosis of cerebral thrombosis, cerebral embolus or cerebral haemorrhage. Subarachniod haemorrhage was not included in the analysis. Brief recurrent chest discomfort of up to 15 min duration, precipitated by exertion or emotion and relieved by rest or by nitroglycerin, was regarded as angina pectoris.
Cancer incidence was de®ned as a registration in the Swedish Cancer Register.
Death certi®cates were studied for those who died during follow-up according to the Swedish Register of the National Bureau of Statistics. All autopsy records were obtained. The autopsy rate was 89% in 1963 ± 1973 and 63% in 1974 ± 1983, but decreased to 33% in 1984 ± 1993 . The total autopsy rate in the present study was 51%.
Causes of death were coded according to the International classi®cation of diseases (ICD 8). For the purpose of this report the causes of death were classi®ed into three groups: cancer (ICD code 140 ± 239), CVD (ICD code 390 ± 458), and all other causes of death.
Statistical methods
All analyses were performed using the SAS # software. Linear trends in graded variables were analysed using linear regression. Linear trends in proportions were analysed using the Mantel ± Haentzel test. The hazard ratio for death in Table 4 was calculated using a stepwise Cox's proportional hazard model.
Results
Data on the average weekly intake of fruit and vegetables were available for 730 men. Of those, 129 men (18%) consumed fruit at most once a week or less, 218 men (30%) 2 ± 3 timesaweek, 111 men (15%) 4 ± 5 timesaweek and 272 men (37%) consumed fruit 6 ± 7 timesaweek. Out of 729 men who reported their vegetable consumption, 121 men (17%) consumed vegetables 0 ± 1 timesaweek, 308 men (42%) 2 ± 3 timesaweek, 166 men (23%) 4 ± 5 timesaweek and 134 men (18%) consumed vegetables 6 ± 7 timesaweek. The questions in the food frequency questionnaire was formulated`times per week', which corresponds to`days per week'.
In Table 1 , the baseline characteristics for men with different consumptions of fruit are shown. There was a signi®cant trend towards more smokers among those men having a low compared to a high fruit consumption Table 1 Baseline characteristics in 54 y old men eating fruit 0 ± 1, 2 ± 3, 4 ± 5 or 6 ± 7 timesaweek 0 ± 1, 2 ± 3, 4 ± 5, 6 ± 7, n 129, n 218, n 111, n 272, P for Fruit(timesaweek) mean mean mean mean trend Table 3 shows the frequencies of fruit and vegetable consumption in relation to cardiovascular morbidity and death, cancer incidence, cancer death as well as total mortality during 26 y of follow-up until the age of 80. One participant can be reported more than once in the table. Cardiovascular death (P 0.042), as well as total mortality (P 0.026) was higher among men with a low compared to men with a high fruit consumption during follow-up. The incidence of cardiovascular disease, cancer disease and cancer death did not differ between the groups. There was no relation between vegetable consumption and any of the end points. Because of the sample size all cancers were grouped together in the statistical analysis. However, separate analysis for different cancer forms showed fewer ventricle cancers (n 15) among those reporting highest vegetable intake (P 0.01) Table 4 shows univariate and multivariate survival analyses of fruit consumption (four groups) after 16 and 26 years of follow-up. Traditional risk factors for cardiovascular disease, ie smoking (four groups), hypertension (yesano) and serum cholesterol were included in the analyses. After 16 y of follow-up, the multivariate survival analysis (Cox-regression) showed that fruit consumption (P 0.042), smoking (P`0.001), hypertension (P`0.001) and serum cholesterol (P 0.027) were Table 3 Total mortality, cardiovascular disease (CVD), cardiovascular death, cancer incidence and cancer death during 26 y of follow-up in relation to average weekly intake of fruits and vegetables Fruit intake 0 ± 1, 2 ± 3, 4 ± 5, 6 ± 7, (timesaweek) n 129 % n 218 % n 111 % n 272 % P for trend Table 2 Baseline characteristics in 54 y old men eating vegetables 0 ± 1, 2 ± 3, 4 ± 5 or 6 ± 7 timesaweek 0 ± 1, 2 ± 3, 4 ± 5, 6 ± 7, n 121, n 308, n 166, n 134, P for Vegetables(timesap week) mean mean mean mean trend CI=con®dence interval. Adjusted variables = smoking, hypertention and S-cholesterol. Smoking: I = never smoked; II = ex-smoker for more than one month; III = currently smoking 1 ± 14 g tobaccoaday; IV = currently smoking 15 gaday or more.
Hypertension: blood pressure of b 160 mmHg systolic andaor b 95 mgHg diastolic or use of antihypertensive treatment. S-cholesterol: mmolal.
Fruit intake and mortality E Strandhagen et al independently associated with a higher mortality rate. After 26 y of follow-up, smoking (P`0.001), hypertension (P`0.001), and cholesterol (P 0.005) were signi®cantly predictive of death, while fruit consumption were signi®-cantly related to death in the univariate (P 0.01) but not in the multivariate analysis.
Discussion
The present study indicates that high fruit consumption may have a positive in¯uence on mortality in a general population sample. This positive in¯uence could still be found after taking the traditional cardiovascular risk factors smoking, serum cholesterol and hypertension into account. Only a few controlled prospective studies on the association between intake of fruit andaor vegetables and overall mortality have been reported in recent years. Sahyoun et al (1996) followed 725 people over the age of 60 for 9 ± 12 y. Intake data were based on 3 day food records and showed vegetables but not fruit to be inversely and signi®cantly associated with overall mortality (199 men and women). There was a lack of signi®cant association between fruit consumption and cardiovascular mortality (n 101), cancer mortality (n 57) and other causes of death (n 41). Key et al (1996) , on the contrary, reported signi®cant protection of fruit against death of ischemic heart disease as well as of cerebrovascular disease, but not of all cancers combined, when adjusted for smoking. A rather simple food questionnaire was used in a study on 11,000 health conscious men and women and it was concluded after 17 y of follow-up that a daily consumption of fresh fruit was signi®cantly associated with reduced death of all causes combined.
Population-based food consumption data and death statistics in USA have been reported by Verlangieri (1985) . The study indicated that fruit andaor green vegetables may have offered a protective effect against death from cardiovascular diseases. Gaziano et al (1985) calculated the consumption of carotenoid-rich fruit and vegetables in 1299 residents 66 y or older and concluded after a follow up period of about 5 y that high intake of carotenoids decreased the risk of CVD mortality.
There are a number of reports on the association between fruit (or vegetables) and risk for various forms of cancer diseases, reviewed by SBU (1997) and WRCF (1997) . According to the WRCF report fruit seems not to have a protective effect in males against cancer in colon and rectum, liver, prostatae, and kidney, while the evidence for a decreased risk at high intakes of fruit are convincing for cancer in the upper digestive tract, stomach and lung. The report by SBU has much the same conclusions except for lung cancer.
Among the 118 cancer deaths in our study 48 belong to the ®rst four mentioned cancer forms with no association to fruit intake, while cancer in the upper digestive tract, stomach and the lung comprised 8, 12 and 22 cases, respectively. This may explain the lack of signi®cance for a protective effect of fruit against death in cancer when all forms are taken together. A relationship between ventricle cancer and vegetable consumption was found in our study, although the number of cancer patients was very small, and has earlier been shown by Ward and Lopez-Carillo (1999) .
The ®ndings regarding CVD may be more convincing. The larger number of cardiovascular deaths (n 226) and its statistical power may explain the signi®cant, inverse relationship between fruit intake and total mortality.
The food frequency questionnaire (FFQ) developed for the 1967 re-examination was far from detailed. It contained only 15 questions addressing the diet and health debate of the sixties, allowing an estimate of the fat content, at the most. Similar simple FFQ without serving size data have been used in numerous epidemiological studies and it has been shown, also on a Swedish random population sample (Becker, 1995) , that such frequency ®gures correlate fairly well with weight ®gures. The FFQ in 1967 were not selfadministered, but were ®lled in during an interview by a dietitian, indicating a high reliability of the data recorded.
In the sixties the average consumption of vegetables and fruit was low in Sweden and middle-aged men were very low consumers. Data in Table 3 show that only 18% of the cohort ate vegetables 6 ± 7 timesaweek, while nearly 60% reported an intake from 0 to 3 timesaweek. Such a distribution at a low consumption level will decrease the possibility of establishing an eventual association between intake of vegetables and morbidity or mortality. Moreover, it is most likely that many members of the cohort increased their intake of vegetables during the 26 years of follow-up. Food balance sheets for Sweden show an increase in the consumption from 35 kgay in 1965 to 49 kgay in 1985 and 55 kgay in 1993 (Jordbruksverket, Swedish Board of Agriculture, 1996) , still being only one third to a quarter of that in Mediterranean countries (Ferro-Luzzi & Branca 1995; Trichopoulou et al, 1995) . Now 60% of men 15 ± 74 y old in the Swedish random population sample mentioned above had vegetables 6 or more timesaweek (Becker, 1995) . Many new vegetables have become popular and the presence of various metabolically active components in these foods differs within very wide limits. With respect to vegetable consumption and mortality, all these facts taken together do not facilitate the interpretation of the ®ndings in the present study. However, positive in¯u-ence of vegetables may be found for some forms of cancer in other studies (Ward & Lopez-Carillo, 1999; Yu et al, 1993; Ingram, 1994) .
The data on fruit consumption among members of the present cohort may be more useful. In 1967, 37% of the cohort ate fruit 6 ± 7 timesaweek compared with 18% who ate fruit 0 ± 1 timesaweek (Table 3) . In a Swedish random population sample examined in 1989 (Becker, 1995) , 40% of the males between 15 and 74 y of age ate fruit at least 6 timesaweek and 30% less than 2 timesaweek. Food balance sheets show that the average consumption in Sweden remained on the same low level up to 1985 (61 kgay 1965, 63 kgay 1985) and is dominated by apples and pears (23 kgay) and citrus fruit (15 kgay). The border line signi®cance in the multivariate survival analysis at the 26 y of follow-up may be explained by the in¯uence of fruit consumption becoming less important at higher age as other risk factors become more important. Another explanation is that food habits may change at higher ages, which means that the fruit consumption may have decreased in relation to other food items.
In conclusion, high fruit consumption may be an indicator of a healthier lifestyle concerning smoking habits, physical activity, general food habits and social activity. However, in the present study low fruit consumption was an independent risk factor for death. Our ®ndings lend further support to the recommendation of a frequent fruit consumption. Such recommendations seem to have a posiFruit intake and mortality E Strandhagen et al tive in¯uence on long-term survival. However, the in¯uence of fruit and vegetable consumption on morbidity and mortality needs to be studied further in prospective cohort studies.
